Arginine 26 and aspartic acid 69 of the regulatory subunit are key residues of subunits interaction of acetohydroxyacid synthase isozyme III from E. coli.
Acetohydroxyacid synthase (AHAS), which catalyzes the first step in the biosynthesis of branched-chain amino acids, is composed of catalytic and regulatory subunits. The enzyme exhibits full activity only when the regulatory subunit (RSU) binds to the catalytic subunit (CSU). However, the crystal structure of the holoenzyme has not been reported yet, and the molecular interaction between the CSU and RSU is also unknown. Herein, we introduced a global-surface, site-directed labeling scanning method to determine the potential interaction region of the RSU. This approach relies on the insertion of a bulky fluorescent probe at the designated site on the surface of the RSU to cause a dramatic change in holoenzyme activity by perturbing subunit interaction. Then, the key amino acid residues in the potential interaction regions were identified by site-directed mutagenesis. Compared to the wild-type, the single-point mutants R26A and D69A showed 54 and 64 % activity, respectively, whereas the double mutant (R26A+D69A) gave 14 %, thus suggesting that residues Arg26 and Asp69 are the key residues of subunit interaction with cooperative action. Additionally, the results of GST pull-down assays and pH-dependence experiments suggested that polar interaction is the main force for subunits interaction. A plausible protein-protein interaction model of the holoenzyme of Escherichia coli AHAS III is proposed, based on the mutagenesis and protein docking studies. The protocol established here should be useful for the identification of the molecular interactions between proteins.